ropharyngeal aspiration (OPA), recurrent aspiration of saliva, food, and/or fl uids below the level of the vocal folds, can lead to chronic airway disease, including bronchiectasis. The laryngeal cough refl ex protects against OPA, whereby the aspirated material stimulates mechanoreceptors or chemoreceptors of the hypopharynx and laryngeal aditus and generates a refl exive cough in an attempt to expel the aspirated material. 1,2 This is clinically interpreted as overt aspi- 
attending the videofl uoroscopy clinic were eligible to participate. Participants had a CFE with demonstrated clinical signs/ symptoms suggestive of pharyngeal-phase diffi culties prior to the VFSS (e-Appendix 1). Their medical records and referral forms were reviewed for a comprehensive list of medical diagnoses consistent with International Classifi cation of Diseases classifi cations and were coded into impaired organ systems adapted from Burklow et al 28 (eg, neurologic, GI, cardiopulmonary, structural, metabolic, and genetic). These systems were not mutually exclusive, and children could have a number of impaired systems. Data extracted included demographic data and medical diagnoses of interest, including age ( Յ 1 year, . 1 year), gender, enteral feeding, reactive airways disease, aspiration lung disease (diagnosis of aspiration lung disease or aspiration pneumonia by attending pediatrician), recurrent respiratory tract infections, pneumonia (defi ned according to World Health Organization [WHO] criteria), 29 asthma, chronic neonatal lung disease, congenital heart disease (CHD), developmental delay (as determined by pediatrician), preterm birth ( , 37 weeks' gestation), cerebral palsy, gastroesophageal refl ux (defi ned by pH-metry 30 or esophageal biopsy), and total number of affected organ systems. These were considered present if recorded in the 12 months preceding the VFSS. Medical diagnoses were not mutually exclusive.
VFSS procedures were conducted during a regular multidisciplinary VFSS clinic, using the same procedures described previously. 22, 31 Only data for thin fl uid, nectar thick fl uids, and purees are reported in this study. VFSS were prospectively collected, analyzed, and recorded on a data sheet that included assessment of swallow function across oral preparatory, oral, and pharyngeal phases of the swallow, and were completed for every food or fl uid consistency trialed during the examination. The eight-point penetration-aspiration scale [32] [33] [34] was used to rate laryngeal penetration and aspiration for each food/fl uid consistency trialed. Children scoring 1 to 5 represented no aspiration (NA), and those scoring 6 to 8 were designated as having OPA. Within OPA, a score of 6 or 7 was classifi ed as having OA and a score of 8 was classifi ed as having SA. Effectively, OPA represented the detection of passage of material below the level of the true vocal folds 32, 35 and SA as the passage of material below the level of the true vocal folds 32, 35 without an identifi ed laryngeal response (eg, cough) observed within 20 s. 3 Statistical analysis was performed using SPSS, version 13.0 (SPSS Inc; Chicago, Illinois). The relationships between OPA (including SA and OA) and SA only with each of the exposure variables (demographic factors, organ systems, and medical diagnoses) were analyzed using x 2 . Mann-Whitney tests were used for group comparisons of continuous variables. Multivariate analysis for organ systems was conducted using backward stepwise logistic regression. Multivariate analysis for medical diagnoses (including enteral feeding) was conducted using regression modeling, with the fi nal model including diagnoses signifi cant in univariate analysis and diagnoses that became signifi cant in regression analysis, and adjusting for age and gender. A two-tailed P value of , .05 was considered signifi cant. Interrater reliability for the penetration-aspiration scale is reported in e-Appendix 1.
Results
The children included 179 boys (59.7%) and 121 girls (40.3%), with a median age of 1.40 years (mean, 2.99 years; range, 0.03-20.63 years). Children were tested on different food/fl uid consistencies appropriate for their age: thin fl uids in 259 children, thick fl uids in 156, and puree in 252. Thin fl uids were most frequently aspirated, then thick fl uids, and lastly puree.
clinical feeding evaluations (CFEs), and it may be underdiagnosed. Visualization techniques, such as fi beroptic endoscopic evaluation of swallowing and videofl uoroscopic swallow studies (VFSSs), allow objective identification of OPA and SA and increase the rate of detection.
Because early recognition and appropriate management of OPA is important in preventing chronic lung disease, 6 knowledge about the occurrence in children of OPA, and particularly SA, and associated medical conditions would be clinically useful. Currently, there exists relatively little information, and few studies have related clinical factors or diagnoses (eg, cerebral palsy or neurologic disease) with objective detection of OPA and, in particular, SA. Pediatric studies with small participant numbers (n 5 10-43) [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] have reported OPA in 21% to 79% of children. In the studies in which data can be calculated, 60% to 100% of aspirators had SA, and 0% to 40% had OA. 7, 10, 14, 16, 17 Larger pediatric studies (n 5 51-186) have documented lower rates of OPA (27%-38%) 3,18-22 but similar rates of SA (71%-97%) and OA (3%-29%). 3, 18, 20 These diverse studies included populations such as neurologically normal infants with respiratory syncytial virus infection 9, 23 and a range of age groups with conditions such as head injury, 24 ataxia telangiectasia, 18 tracheostomy, cerebral palsy, 7, 10, 16, 20 multiple disability, or heterogeneous populations. Little is known about which specifi c organ system dysfunction (eg, neurologic, GI, and so forth) or medical diagnoses are associated with SA in children. Adult studies report age and male gender as risk factors for SA in adults, although medical diagnosis was not a risk factor. 25, 26 Arvedson et al 3 reported a statistically signifi cant association between OPA and cerebral palsy in their study of 186 severely dysphagic children with multiple disabilities. Newman et al 27 found no signifi cant association between OPA and age, gender, or medical diagnoses in their study of 43 infants. Neither study investigated the relationship between these factors and SA or conducted regression analysis.
Thus, to further inform clinicians about the prevalence of and risk factors associated with OPA, and particularly SA, we prospectively evaluated the VFSS of 300 children in relation to their clinical phenotype. We aimed to determine if patient factors (age and gender), organ system impairment, and specifi c medical diagnoses were associated with OPA in general, and SA in particular. We hypothesized that children with SA are more likely to have neurologic system impairment and/or specifi c neurologic diagnoses than are those with OA. SA vs NA: Comparisons of children with SA vs those with NA were achieved by excluding children with OA from the analysis. There were no signifi cant age or gender differences between children with SA and those with NA. Children with SA were signifi cantly more likely to have enteral feeding, or diagnoses of developmental delay, cerebral palsy, pneumonia, and aspiration lung disease than were those with NA ( Table 5 ) . Following regression analysis, children with SA were still signifi cantly more likely to have enteral feeding and aspiration lung disease, but were signifi cantly less likely to have been preterm or to have CHD than were those with NA, which was similar to the results for OPA in general. There was no signifi cant difference in the number of body systems between children with SA and those with NA ( U 5 7463.00, P 5 .216).
Materials and Methods
OA vs NA: There were no signifi cant differences between children with OA and those with NA on any of the demographic factors, organ systems, or medical diagnoses following univariate analysis ( Table 5 ) ; therefore, regression analysis was not conducted. There was no signifi cant difference in the number of body systems between children with OA and those with NA ( U 5 1814.00, P 5 .794).
SA vs OA:
Children with SA were signifi cantly more likely to have neurologic disease (OR, 4.1; 95% CI, 1.1-15.8; P 5 .038) than were those with OA. However, there were no signifi cant differences between children in terms of age, gender, enteral feeding, other organ systems, or medical diagnoses ( Table 6 ) ; therefore, regression analysis was not conducted. There was no signifi cant difference in the number of body systems between children with SA and those with OA ( U 5 746.00, P 5 .709).
Post hoc analyses of preterm and CHD populations were undertaken. Preterm children (n 5 53) were postterm age at VFSS and had a mean of 3.25 (SD 1.45) body systems involved (range, 1-6). Children with CHD (n 5 39) had a mean of 4.82 (SD 1.12) body systems involved (range, 3-7). Table 1 displays the frequency of OPA, SA, and OA on various food/fl uid consistencies. Frequency data for demographic information, organ systems, and medical diagnoses are presented in Table 2 .
Relationship Between Impaired Organ Systems and OPA and SA
Associations between impaired organ systems and OPA (including both SA and OA) and SA only, adjusting for age and gender, are presented in Table 3 . Neurologic impairment was signifi cantly associated with OPA and more strongly with SA, although no other organ system (GI, cardiopulmonary, structural, metabolic, or genetic) was signifi cantly associated with OPA or SA.
Relationship Between OPA and Demographic Factors and Medical Diagnoses
Associations between OPA (including both SA and OA) and demographic factors and medical diagnoses are presented in Table 4 . There were no signifi cant age or gender differences between children with OPA and those with NA. Following univariate analysis, OPA was shown to be signifi cantly associated with medical diagnoses of developmental delay, cerebral palsy, pneumonia, and aspiration lung disease. Following regression analysis, children with OPA were shown to be signifi cantly more likely to have enteral feeding, developmental delay, or aspiration lung disease, and were signifi cantly less likely to have been preterm or to have CHD than were those with NA. There was no signifi cant difference in the number of body systems between OPA and NA ( U 5 9277.00, P 5 .240).
Comparison of Children With SA, OA, and NA
We classifi ed children into three groups based on whether they had aspiration on any consistency, to determine if they differed in terms of demographics, type, and total number of impaired organ systems, and specifi c medical diagnoses. These groups were SA (n 5 83, 27.7%), OA (n 5 19, 6.3%), and NA (n 5 198, 66%). VFSS. Children with OPA and SA were signifi cantly more likely to have neurologic system impairment, be receiving enteral feeding, or have a medical diagnosis of developmental delay and/or aspiration lung disease than were children who did not aspirate. Children with SA were 3.37 times more likely to have neurologic system impairment than those with OA. We found no other associated risk factors (other organ system impairment, demographic factors, or medical diagnoses) with SA. In contrast, there were no distinguishing features found between children with OA and those with NA. In our cohort, 34% had OPA, and the majority (81%) of these had SA. The overall prevalence of SA was 28% (83 of 300). To our knowledge, there are no published reports on SA prevalence rates in children. However, where it was possible to calculate rates from existing literature, they ranged from 20% to 37%. 3, 18, 20 The rates of OPA and SA in our group may have been slightly underestimated because rates may have been higher if all participants were given thin fluids (the most frequently aspirated consistency). 3, 11, 17, 20, 36, 37 The SA prevalence we report is similar to that reported by adult studies (24%-28%). 5, 25, 26 Interestingly, adult studies report a higher overall prevalence rate of OPA (43%-57%) and
Discussion
In a heterogeneous cohort of 300 children with feeding diffi culties identifi ed by a CFE, we examined for factors associated with aspiration determined by lation to SA may include the influence of age and neurologic development affecting maturation of swallowing refl exes, controls of the laryngeal cough refl ex, and respira tory physiology during early development in infants and children. 38, 39 The immaturity of the laryngeal chemorefl ex 40 and different swallowrespiratory coordination 41, 42 are likely contributing reasons for SA in children. Demographics such as age and gender had no signifi cant relationship with SA and OPA in our study, and this is consistent with other pediatric studies. 3,27 However, our cohort, which was skewed to a very young population (median 1.4 years), may have biased these data. Examination of associations with organ system impairment revealed that neurologic involvement was a higher percentage of overt aspirators (41%-51%) with either immediate or delayed cough. 5, 25, 26 The differences in percentages of SA and OA between pediatric and adult studies suggest that when infants and children do aspirate, it is more likely to be silent. The only study comparing SA and OPA in patients across a range of ages (n 5 392) reported that the youngest group in the cohort (aged 3-19 years, n 5 21) was signifi cantly more likely to silently aspirate than were the older age groups, with SA in 86% of children with OPA. 25 There were no data on the total number of children (including those with NA) included in the study. 25 The reasons why children are more likely than adults to silently aspirate are unclear. Possible mechanisms predisposing a pediatric popu- gastroesophageal refl ux disease) following regression analysis. 22 The lack of globally accepted clear criteria defi ning aspiration lung disease or aspiration pneumonia in relation to OPA makes comparisons in the literature diffi cult. As in the fi ndings of Arvedson et al 3 , cerebral palsy was signifi cantly associated with OPA following univariate analysis; however, it was not evident following regression analysis in our study. Children at risk of aspiration, or who have nutrition and growth issues secondary to oral motor and swallowing dysfunction, are more likely to be eternally fed, which likely explains the increased odds found. Interestingly, we found no increased odds in children with gastroesophageal refl ux disease. Our unexpected fi nding that preterm children or those with CHD were signifi cantly less likely to have OPA or SA was surprising, particularly because 25% of preterm children and 23% of those with CHD had OPA, most of which was SA (77% and 67%, respectively). However, post hoc analysis revealed that these children had multisystem involvement, with a mean of 3.25 and 4.82 impaired body systems in children who were preterm and received diagnoses of CHD, respectively. OPA or SA may have been more related to their other underlying diagnoses, which were controlled for during logistic regression. However, these children have feeding-related issues other than aspiration, such as documented growth failure, [43] [44] [45] oral sensorimotor and feeding diffi culties signifi cantly more associated with SA (adjusted OR [AOR], 5.0) and OPA (AOR, 3.9) than with NA, and children with SA were more likely to have neurologic impairment than were overt aspirators (AOR, 3.4). However, following regression analysis, specifi c neurologically based diagnoses (eg, cerebral palsy alone) were not signifi cant factors. This may be related to the insuffi cient sample size for each individual medical diagnosis. Our fi ndings suggest that any form of neurologic involvement (including neurodevelopmental delay) should increase the index of suspicion of SA and OPA in children presenting with feeding diffi culties. No other organ system had a signifi cant relationship with SA or OPA, or differentiated among groups, and all groups (OPA, SA, OA, and NA) had a similar range and total number of impaired organ systems. Although we reported previously that multisystem involvement was signifi cantly associated with WHO-defi ned pneumonia in children with feeding diffi culties, 22 it was not specifi cally associated with SA or OPA in these children.
Specifi c medical diagnoses associated with SA and OPA consistent with the pediatric literature included enteral feeding, developmental delay, and a diagnosis of aspiration lung disease. 3, 6 Aspiration pneumonia is frequently associated with OPA, although in a previous study, we found that OPA was not a signifi cant factor for WHO-defi ned pneumonia when compared with other risk factors (asthma, Down Syndrome, recurrent pneumonias, particularly in the presence of neurologic impairment, cerebral palsy, and/or enteral feeding. 36, 37, 54 The CFE is essential for adequate planning for the VFSS to determine appropriate positioning, for food/fl uids/utensils to be assessed, to replicate mealtime symptoms (such as inclusion of a fatigue test to show deterioration over time/meal), to optimize child behavior, and to reduce radiation exposure. Recommendations are made from the integrated fi ndings of both assessments (CFE and VFSS) . 51, 53 First-line interventions may often be instituted during the CFE. For example, for a child with gurgly breathing/rattly chest/coughing, fl uids may be downgraded from thin to thick fl uids only. Likewise, a child presenting with severe neurologic impairment, low arousal, and poor secretion management may be placed on full enteral feeds and nil by mouth status. 52, 53 However, confi rmation by VFSS (when the child has adequate arousal and is medically stable) is recommended, to ensure that appropriate determination of the type of swallowing dysfunction or pathophysiology has occurred and that treatment recommendations are effective, particularly if likely to be long-term. Further studies are required to evaluate specifi c clinical signs/tools, to increase the sensitivity of the CFE.
Acknowledgments
Author contributions: Ms Weir: contributed to the design of the study, conduction of the research, data analysis, and writing and review of the manuscript. Dr McMahon: contributed to the research design, data interpretation, and critical review of the manuscript.
Ms Taylor: contributed to data entry and review of the manu script. Dr Chang: contributed to the research design, data interpretation, and critical review of the manuscript. Financial/nonfi nancial disclosures: The authors have reported to CHEST that no potential confl icts of interest exist with any companies/organizations whose products or services may be discussed in this article .
Role of sponsors:
The sponsor had no role in the design of the study, the collection and analysis of the data, or in the preparation of the manuscript . (oral hypersensitivity, delays with texture transition, increased length of mealtimes), 46, 47 reduced stamina, and disruption of the respiratory-swallow cycle. [48] [49] [50] Further research into the prevalence of OPA and SA in larger cohorts of preterm and CHD populations is required. Although our study has strengths in terms of prospective collection and analysis of VFSS using standard data forms and the validated penetration-aspiration scale, a limitation includes using a chart review for determining diagnoses, which inevitably entails inconsistently applied defi nitions of medical diagnoses across medical practitioners, although International Classifi cation of Diseases classifi cations were used. The diagnosis of aspiration lung disease is problematic because there are no clear diagnostic criteria, it is used in relation to both primary (OPA and salivary aspiration) and secondary (refl ux) aspiration, it does not need instrumental evidence of aspiration as a diagnostic criteria to confi rm diagnosis, and it is often assumed if a child with neurologic impairment/cerebral palsy with feeding diffi culties and/or enteral feeding presents to the hospital with pneumonia. Thus, research literature using these terms may not be comparable. The development of globally accepted labels, defi nitions, and clinical/radiographic diagnostic criteria differentiating types of aspiration and characteristics of pneumonia or lung disease arising from OPA or viral or bacterial infections (including acute and chronic presentations) is necessary to move research forward in this area and to increase our understanding of aspiration-related respiratory disease in children.
Conclusions
Our fi ndings highlight the high prevalence of SA among infants and children with feeding diffi culties and its association with neurologic impairment and developmental delay. Age and gender were no different in children with or without SA or OA. Clinicians should be cognizant that an absence of cough with feeding may not indicate absence of aspiration. A CFE, including a detailed case history (covering medical, developmental, and feeding issues), dietary record, and evaluation of positioning, arousal levels, oral sensorimotor skills, secretion management, and oral feeding skills if indicated, should be performed in any child presenting with feeding and swallowing diffi culties. [51] [52] [53] VFSS should be performed for those children with a history of, or demonstrating clinical signs suggestive of pharyngeal phase dysfunction or OPA, such as wet/gurgly voice, wet/gurgly breathing, or "rattly chest" during or after feeds; increased coughing with feeds but not necessarily after each swallow; wheeze, stridor, gagging, nasal regurgitation, desaturations, or apnea during feeding; and recurrent bronchiolitis or
